Introduction
Ligament reconstruction of the anterior cruciate ligament (ACL) is one of the most frequent arthroscopic procedures. According to the Technical Agency for Information on Hospitalizations (ATIH) 36,675 ligament reconstructions were performed in France in 2010 [1] corresponding to a Homogenous Group of Patients (HGP) (Groupe homogène de malades [GHM] ) for act 08C34 ''arthroscopic surgical procedures of the cruciate ligaments''. The aim of this surgical treatment is threefold: to stabilize the knee, to protect the meniscus and to prevent osteoarthritic degeneration of the joint [2] [3] [4] . Since 1970 greater understanding of the anatomy of the ACL and the natural history of ligament tears have resulted in advances in surgery by gradually shifting from extraarticular isolated lateral tenodesis [5] , to anatomical ligament reconstructions with autografts (patellar tendon, hamstrings) initially by open surgery and then by arthroscopy [6] . These techniques have gradually improved, in particular by the use of more effective graft fixation systems to obtain stable fixation and improved positioning of the implant. Arthoscopic ACL reconstruction is now a reliable, reproducible technique with good results of between 75 and 90%. Techniques have also become increasingly less invasive. Today, so-called ''all-inside'' techniques have been developed in which semi-tunnels are drilled, and all of the cortices are left intact.
This technical progress is associated with technological changes. Arthroscopic material has changed: high definition cameras, sterilizable arthroscopes, arthropumps, efficient arthroscopic instruments and medical devices that can be implanted and are absorbable. The cost of this intervention has increased considerably. This increase must be compared to the offset of a reduction in hospital stay, faster return to daily activities and especially improved functional results for the patient. An evaluation of our clinical and medicoeconomic practices is essential. In this era of tarification by act (T2A) and fixed tariffs for a Homogonous Diagnosisrelated group (DRG) (Groupe homogène de séjour [GHS]), the price of the materials used must be determined. The average cost of a DRG/GHS in public hospitals corresponding to the HGP/GHM for the act 08C34 is 3726 D [1]. A detailed analysis of real costs would help identify the areas where costs could be saved.
The main goal of this study was to identify the cost of all material necessary for an ACL reconstruction with the hamstring tendons. The secondary goal was to compare the cost of material depending upon the surgical procedure chosen: standard or ''all-inside''. This is an analysis of costs, and not a ''cost-effective'' analysis performed in a University Hospital Center. The hypothesis was that disposable materials would represent the greatest proportion of costs for this procedure.
Materials and methods
A retrospective study of material costs was performed in 2011. This included patients undergoing single bundle arthroscopic ACL reconstruction with the hamstring tendons using two techniques.
Surgical technique
For the standard technique a separate femoral tunnel was drilled from inside to outside, using a femoral guide. The tibial tunnel was drilled from outside to inside. The graft was prepared with four Polysorb TM 0 (Covidien, Massachussetts, USA) traction sutures. A beath pin and a guide pin were necessary to pass the grafts into the tunnels. Tibial and femoral fixations were obtained by absorbable interference screws, screwed onto a guide (Interference Screw Bioresorbable, Arthrex TM , Lezennes, France). The all-inside technique also used a hamstring graft. Specific arthroscopic instruments were used. The two tibial and femoral tunnels were performed from inside to outside. The femoral tunnel was drilled with traditional material, while the tibial tunnel was drilled with a FlipCutter ® (Arthrex TM , Lezennes, France) which is an ''all in one'' disposable system. This includes a pin with a distal system for retrograde drilling once the pin is in the joint. Drilling of tunnels requires a specific RetroDrill ® beath pin. To pass the graft into the tunnels, we used a suture passer loop. Femoral fixation was obtained by a TightRope TM implant and tibial fixation by cortical button fixation attached to the graft with a FiberWire ® 2. The TightRope TM provides a double system for graft tension.
Method of analysis of material costs
This study analyzed material costs only. The costs of the operating room, the surgeon, the anesthesiologist, hospitalization costs and secondary costs (medication, sick leave, bandages, rehabilitation, follow-up consultation) were not taken into account. Management of any associated lesions was not included either: meniscal repair, meniscectomies, chondral repair, osteotomies.
All of the material used from the first swab by the paramedical team to the final bandage was reported. The material was divided into three groups: reusable arthroscopic material, disposable arthroscopic material and surgical supplies.
Reusable arthroscopic material
This material was divided into two groups: long lifespan, non-sterilizable material and short-lifespan material that could usually be sterilized (Tables 1 and 2 ). After material is purchased it is used several times for different types of arthroscopy: knee ligament reconstruction, shoulder arthroscopy. . . To evaluate the relative cost of this material for ligament reconstruction, we studied the lifespan of the product in relation to operating room purchases and the data from our supplier (Arthrex TM , Lezennes, France). Based on the evaluation of the number of arthroscopies per year and the mean duration of a procedure, we determined the costs per procedure.
Ancillary instruments (clamps, tibial and femoral guides, cannulated drills, tibial dilators, screw driver, calibration material. . .) were separate. A list of material for traditional arthroscopy and an annex for material for the all-inside technique were available in our unit. This material was provided by our supplier.
Disposable arthroscopic material
Some of the material is the same for both techniques, others are more specific (Table 3) . Costs of this material are subject to the tariffs in public contracts in particular that of the Agence générale des équipements et produits de santé (AGEPS) (General Agency for Healthcare Equipment and Products) making it possible to obtain the various prices.
General surgical supplies
This included all material necessary to prepare the patient by the paramedical then surgical teams, material necessary to maintain a sterile environment for four healthcare practitioners during the procedure (the senior surgeon, the fellow, the resident and the operating room nurse) as well as traditional instruments such as the scalpel, saline solution to irrigate the joint, and equipment necessary to close and bandage the wound (Table 4 ). The public contract tariffs (AGEPS) determined the price of this material.
Number of arthroscopies
Between January 1, 2009 and December 31, 2010, 780 arthroscopies were performed in our unit, or 390 per year. The indication for most of these procedures was repair of rotator cuff tears and Bankart type stabilization of the shoulder. Sixty-five ACL ligament reconstructions were performed per year. The mean duration of a procedure was one hour.
Lifespan of the material
An arthroscopy column was replaced every 5 years or after 1950 arthroscopies. The arthroscope and the manual part of the Shaver were replaced after 100 arthroscopies. The insertion cannula, the obturator and the camera head lasted for one year. The bulb for the light source was changed approximately every 500 hours.
Results
The overall cost of material for standard ligament reconstruction was 791. (Tables 1-4) . Disposable material represented the highest proportion of the total cost: 81% for the standard technique, 84% for the all-inside technique. The costs of ''short lifespan arthroscopic material'' and ''general surgical supplies'' were equivalent for both techniques (7.7% for the standard technique, 6.5% for ''all-inside''). ''Long lifespan arthroscopic material'' represented the lowest proportion of costs (3 and 2.6%) (Figs. 1 and 2) . Only the cost of the implants (screw, button TightRope TM ), were not included in the DRG but were reimbursed in addition (Tables 3 and 5 
Discussion
To our knowledge this is the first French study to analyze the cost of material for arthroscopic ACL ligament reconstruction.
Studies on the cost of arthroscopic surgery are rare [7] . Most of the studies of ACL reconstruction have focused upon the overall cost to the healthcare system, and they involve the North American market. In the United States, approximately 100,000 ligament reconstructions are performed each year [8] . Their estimated overall cost: (material, use of the operating room, rehabilitation, fees) is an estimated 1 billion dollars per year [9] or 10,000 $ per reconstruction. It is impossible to compare this cost with ligament reconstructions in France. There are numerous differences in management of this procedure between the two countries: first, this surgery is often performed on an outpatient basis in the US and on the other hand allografts (20% more expensive) are used quite often in the US while in France this is very rare [10, 11] .
To our knowledge only one European study has evaluated the overall cost of ligament reconstruction (operating room, anesthesia, surgical supplies, personnel staff or team, additional tests, rehabilitation, medication). [12] . This study only evaluated the standard hamstring technique, and the cost of material only took into account disposable material. The authors estimated the overall cost to be 2300 D. The cost of disposable material was 607 D (644 D in our study). Our study provided a more detailed inventory of materials.
In our study the cost of material was slightly higher for the ''all-inside'' technique because it uses more disposable material, while the cost of implanted material (reimbursed in addition to the GHS) were equivalent. This additional cost must be evaluated in relation to the value of this technique. For certain authors the ''all-inside'' technique is less invasive, results in less bone loss, allows better osteointegration of the graft and results in less postoperative pain [13, 14] . Other studies are needed to confirm these benefits [15] .
The interest of a cost analysis study is also to identify areas where cost savings are possible. Disposable material is subject to very strict rules of traceability and preparation, which explains its high cost. However, certain savings can be considered:
• general use of tubing systems in which only the connection with the arthroscope sleeve is changed after each procedure, provides savings after the second arthroscopic procedure (savings of 26.32 D, 52.64 D and 78.96 D for two, three or four arthroscopies per day); • the use of an arthropump is not necessary for ligament reconstruction; • another source of savings would be to increase the amount of material that can be sterilized, the Shaver knife, for example, but the price of storing and sterilizing must be evaluated; • although the cost of the arthroscopy column is significant, this is offset if the arthroscope is used regularly; • the arthroscopic material with a short lifespan is the most fragile: it is essential to be careful and avoid sudden movements that could cause damage (shaver against the arthroscope; poor position of the arthroscope when changing position during the Cabot manoeuvre for example). Moreover, this material is produced for the American market where sterilization norms are less strict (possibility of ''flash'' sterilization) which makes it more fragile during sterilization by French standards (sterilization at 134
• for at least 18 minutes);
• it is also necessary to avoid any avoidable losses such as inadvertently contaminating a sterilized interference screw.
This study is limited because it was performed in one university hospital for a certain period. The possibility of negotiating with suppliers, which depends for example, on the size of the facility means that estimated costs cannot be compared to those of other public or private health facilities, although the proportion of costs in each area probably varies very little from one hospital unit to another. Furthermore, one element could not be taken into account: the motor. This material has a short lifespan. The role of wear associated with ligament reconstructions is difficult to evaluate in a traumatology department. Moreover, we did not take into account the direct cost of sterilizable material, or the secondary costs of sterilization and storage, making it impossible to evaluate the real cost of this disposable material. Final the global cost did not take into account unforeseen additional costs (example, a new screw if one was inadvertently contaminated).
Conclusion
This study has shown that the largest portion of the cost of ACL ligament reconstruction is associated with disposable arthroscopic material and implants. The ''all-inside'' technique was 18% more expensive than the standard technique. The GHS does not cover all the costs of material, in particular implants, which are reimbursed in addition.
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